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L umbar disc herniation (LDH) is the most common cause of sciatica. The prevalence of symptomatic lumbar radiculopathy is 9.8 per 1000 people (1%). 43 Although the natural course and outcome of conservative treatment are favorable for the majority of patients, around 20% of cases are refractory. In those cases surgery is a good option, since the success rates are greater than 80% 6, 17, 34 and outcomes are better than conservative treat-ment. 30, 44, 52 Due to the high prevalence of lumbar radiculopathy in the general population, surgery for LDH is one of the most common surgical procedures performed in neurosurgical and orthopedics services.
Spinal disorders have a major impact on society in terms of total health care expenditure, work absenteeism, and disability. In the US, for example, the estimated annual costs of lumbar disorders doubled from $52 to $102 billion between 1997 and 2005. 31 As a result of the rising economic costs and finite financial resources, there is an increasing demand to improve the efficiency and value of health care and to provide economic assessments of its value. 27 Four main types of analyses are currently used in health care economics: cost-minimization, cost-benefit, cost-effectiveness, and cost-utility. 35 Cost-minimization studies simply describe the costs of treatments for an indication to determine the least expensive. Cost-benefit analyses establish the ratio between resources spent and benefits gained with a determined treatment. Cost-effectiveness studies estimate the value of an intervention by calculating the ratio between the benefit provided by a specific health care intervention and the cost of a specific health outcomes measure. Cost-effectiveness analyses allow for a complete health-economic assessment, with the effects expressed in clinical epidemiology units. Finally, cost-utility is a specific type of cost-effectiveness analysis in which the benefit is expressed as a utility measure, that is, a preference-based measure of health-related quality; it is scored numerically-for example, using a range from 0 to 1, where 0 represents death and 1 represents perfect health. The utility measure can be used to calculate quality-adjusted life years (QALYs). This model of economical evaluation, based on the preference-based utility measures, provides data that allow for comparison across various disciplines of medicine. Thus, it is the type of economic analysis that is likely to be used to guide payers and policy makers in making coverage decisions. Due the high prevalence of spinal disorders, economic analysis is highly important, but there is a lack of these types of studies in the literature. 26 Many authors have noted that there are very few studies focused on the health economics of our most common spinal procedures, such as lumbar discectomy. 25, 29, 39, 47 Health economic evaluations have variations based on region and country, due to their distinct economic environments. These assessments have been used much more extensively in developed countries than in developing nations, and many factors preclude their generalizability and potential transferability from one setting to another. 7 Just as in developed countries such as the US, economic evaluations are also essential in Brazil, where health care resources are often distributed without adequate rationale and many hospitals are underfunded. Moreover, economic cost-utility assessments pertaining to health are still inadequately used in Brazil and other countries of Latin America. To the best of our knowledge, no Brazilian study has been published regarding spine health economics to date. The objective of this study was to determine the costutility ratio of lumbar discectomy in Brazil.
methods

Study design and Sample
This study is part of an ongoing large spine outcomes research study conducted in southern Brazil. 21 From a prospectively collected database, we selected a cohort of 143 consecutive patients with LDH associated with neurological impairment and sciatica who underwent open discectomy. The inclusion criteria were the presence of LDH on MRI with associated clinical correlation, symptoms refractory to 4 to 8 weeks of conservative treatment or the presence of a progressive motor impairment, and willingness and capacity to participate in the study with follow-up. The exclusion criteria were lack of concordance between the symptoms and lumbar MRI, previous lumbar spine surgery, any preexisting spinal pathology, and lumbar instability. This study was approved by the institutional review board of University of Caxias do Sul.
All patients were evaluated preoperatively, perioperatively, and then at 1, 6, and 12 months postoperatively with patient-reported outcome metrics and the neurological findings.
Surgical technique
All patients underwent a standard open discectomy via a subperiosteal approach performed by the same surgical team (A.F., O.R.) using a 2.5× magnification loupe, a frontal light source, and a self-retaining retractor. The preferred nerve decompression technique was sequestrectomy of the extruded disc and foraminotomy. The patients were discharged from the hospital after meeting discharge fitness criteria, including adequate postoperative pain control, mobilization from the bed, and walking.
patient-reported Outcome measures and QalYs
Data were collected to assess pain, disability, and overall health state from the preoperative time point to 1 year after surgery by using patient-reported outcome questionnaires. To prevent bias, an independent investigator who was not involved with the patient's clinical care administered the questionnaires. Pain intensity was assessed with a numeric rating scale. Disability was measured using the Oswestry Disability Index (ODI), 18, 19 validated for the Brazilian Portuguese language by Vigatto et al. 50 The SF-36 was used to evaluate health care-related quality of life. 51 The SF-36 instrument was translated and validated for Brazilian Portuguese in 1999 by Ciconelli et al. 12 Depression and anxiety were assessed using the Hospital Anxiety and Depression Scale (HADS). 8, 22 At the last evaluation, the patients were asked about their satisfaction with the procedure: "Would you have the same treatment to achieve the same result again?" Patients who answered "definitely yes" or "probably yes" were considered satisfied with the procedure. Dissatisfaction was noted if they answered "do not know," "probably would not," or "definitely would not."
The SF-6D, derived from the SF-36 using a Brazilian weighting system, 13 was used for utility measurement. 10, 24 The exchange rate used from the Brazilian real to the US dollar was 2.4:1 based on the current data at time of manuscript preparation.
resource utilization and cost
All cost estimates were based on the charges for patients' hospital records, physician reimbursement, and resource utilization after discharge. Reoperations, low-back pain-related outpatient visits, diagnostic tests, injections, emergency room visits, back-specific medications, and physical therapy days were assessed. The direct medi-cal costs comprised institutional, physician, and medical supply utilization. The indirect costs were estimated by assessing the productivity losses because of spine-related problems, such as missed workdays for those employed outside the home based on the average gross wage in the city of Caxias do Sul (based on data from the Ministry of Labor and Employment of the Federal Government), according to the profession of each patient. According to federal legislation, a worker may be absent for illness up to 15 days and have his salary paid by the company. After the 16th day, sick leave is to be paid by the National Social Security Institute system, and the employer has no obligation to pay the worker until he or she returns to his or her original job function. Thus, the calculations of indirect costs include how much companies paid in sick leave as well as the government payments for those unable to work due to their spinal disorders.
cost per QalY gained
We used the QALYs obtained at the 1-year follow-up after surgery and compared them with the historical results of discectomy in LDH published in the literature. The mean total (direct and indirect) 1-year cost was then calculated in QALYs. The cost per QALY gained by discectomy was the primary end point of this study.
Statistical analyses
Estimations were made using a 12-month variation of the SF-6D. To determine the number of QALYs gained by lumbar discectomy, a 4-year horizon with 3% discounting was applied to health utilities, 4 taking into account the benefit of surgery for this time period. 48 A QALY provides an estimate of the number of years of improved quality of life a patient can expect to gain from treatment. Dividing the mean cost of treatment by the mean number of QALYs gained provides an estimate of cost utility, noted in cost per QALY. For example, if the patient's health state was 0.5 before treatment and 0.7 after treatment, the annual gain is 0.2 QALYs. A sensitivity analysis was performed by varying the utility measures values by 20%. The costs were expressed in Reais (R$) and US dollars ($), using an exchange rate of 2.4:1. All data analysis was generated using SPSS 20.0. The paired Student t-test was used to evaluate the change in scores from the preoperative assessment to the 1-year follow-up assessment.
results Table 1 provides a summary of the demographic and clinical characteristics of the 143 consecutive patients with LDH associated with neurological impairment and sciatica who underwent open discectomy. Intraoperative incidental durotomy occurred in 4 patients (2.8%). Postoperative complications occurred in 9 patients (6.3%): recurrent disc herniation (n = 4, 2.8%), motor deficit (n = 1) seroma (n = 2), suture granuloma (n = 1), trochanteric bursitis (n = 1). Of the 4 patients with recurrent disc herniations, 2 were successfully treated with oral analgesics, 1 patient improved with spinal injection, and 1 patient underwent revision surgery. No patient with an incidental durotomy needed revision surgery for cerebrospinal fluid leakage.
Lumbar discectomy was shown to reduce pain, disability, and depression and anxiety scores and overall improve the quality of life of patients with LDH refractory to medical treatment at 1-year follow-up. Table 2 demonstrates the change in scores. Satisfaction with treatment was observed in 86.7% of patients. The SF-6D utility gain was 0.044 (95% CI 0.03197-0.05923, p = 0.017) at 1 year. Patients experienced a mean discounted gain of 0.176928 QALYs over the 4-year period. 
discussion
This study evaluated the cost-utility of lumbar discectomy in patients with LDH refractory to medical treatment in Brazil. The strengths of our study are the use of prospectively accrued data, a validated outcome measure, and a thorough analysis of medical costs. Given the economic and social impact of spinal disorders as well as the difficulty in generalizing and transferring economical analyses from one country to another, especially in comparing developed to developing countries, our findings represent an important step in this type of analysis of spine care in Brazil.
Cost-utility analysis is a subtype of cost-effectiveness analysis. In this analysis, the costs are expressed in monetary units, and the outcomes are utility adjusted. The utility refers to a patient's preference for a particular health outcome. The outcome is expressed in QALYs, where the Despite the importance of the information provided by cost-utility studies, there has been a lack of these types of studies in spine care. Brauer et al. 9 26 identified 33 articles published between 1976 and 2010 on cost-utility analysis in spine care, with the majority of the studies published only recently. They identified only 4 articles addressing cost-utility of lumbar disc herniation surgery during this period. 25, 29, 47, 49 To the best of our knowledge, this study represents the first health economic analysis in spine care in Latin America.
To date, there has been no consensus regarding costeffectiveness thresholds for health interventions in Brazil. In fact, few Brazilian studies have been published on health economics, 5, 7, 28, 36, 40 and none of them related to spine care in neurosurgery or orthopedics. Some countries have established that thresholds of what should be cost-effective: $50,000.00-$100,000.00 per QALY in the US, 41 Can$20,000.00-$40,000.00 in Canada, 23 and £20,000.00-£30,000.00 in the United Kingdom. 15 How-ever, economic differences within each country prevent these values to be transposed to and used in Brazil. 7 According to the World Health Organization (WHO), threshold values of less than the gross domestic product (GDP) per capita are highly cost-effective, while between 1 and 3 times the GDP per capita is noted as cost-effective, and health interventions that cost more than 3 times the GDP per capita are considered not cost-effective (see http:// www.who.int/choice/costs/CER_levels/en/). In 2013, the Brazilian GDP per capita reached R$24,065.00. However, it is important to note that thresholds established by the WHO and those used by developed countries were proposed under the public health or social perspective. In our study, using data from reimbursement by Brazilian health insurance and indirect costs associated with disability loss, the cost-utility ratio was R$30,828.35 per QALY gained with lumbar discectomy, thus demonstrating good cost-effectiveness of such surgical intervention in this developing country.
An important issue in health economics studies is the assumptions made in deriving QALYs from health outcomes. There is debate about the use of EQ-5D versus SF-6D utility values. 42 We used the derived SF-6D values to calculate QALYs gained, which is a validated approach in cost-utility analyses. 23 However, Obradovic et al. 37 observed that EQ-5D might have a greater mean change from baseline to end point compared with SF-6D in patients with low-back pain or osteoarthritis knee pain (0.15 vs 0.05, respectively), suggesting a higher construct validity and responsiveness in these patients. Similar findings were observed by Van den Hout et al. 49 in their study of patients undergoing lumbar discectomy. In our study, we ascertained the cost-utility ratio in a 4-year perspective of gain using the SF-6D of 0.17. The 4-year utility gain using EQ-5D observed in the Spine Patient Outcomes Research Trial (SPORT) was 0.34. 48 These data suggest that the cost-utility ratio identified in our study may be underestimated by the use of SF-6D. In addition, our study did not evaluate the comparative effectiveness and costs of surgical versus conservative treatments in Brazil. Thus, we have not subtracted the savings associated with not continuing prolonged conservative treatment in cases in which medical management has already failed. In short, it is possible that LDH surgery may be even more costeffective in Brazil than our results would suggest.
Another important variable in cost-utility studies is the concept of the durability of benefits. In our study, we choose a 4-year horizon for health outcomes, assuming that the benefits of surgery remain 4 years postoperatively. This assumption is based on several studies using long-term follow-up of lumbar discectomy. 48 However, to reduce negative effects of this assumption, we have discounted the utilities by 3%, effectively reducing the value of long-term gains. 4 Regarding treatment of LDH, the literature on the economics of surgery for discectomy have used different methodologies depending on various perspectives, such as that of the patient, payer, or society. Malter and Weinstein, 29 in their 1996 paper, studied the costs and quality of life associated with lumbar discectomy in LDH patients in the US using a Markov model. Hansson and Hansson, 25 in a 2007 article, studied 92 Swedish patients who underwent surgical treatment for LDH and compared the total costs between the surgical and conservative treatment. Subsequently, van den Hout et al. 49 performed a health care cost comparison between conservative care and early surgery in 141 patients from the Netherlands. Tosteson et al. 48 performed an "as-treated" analysis of cost-effectiveness in the US based on the pooled SPORT data obtained 2 and 4 years after surgery. In general, the reported cost utility of lumbar discectomy ranges from a cost saving to $79,000/QALY gained compared with nonoperative treatment. 25, 26, 29, 47, 49 In our study, the estimated cost-utility ratio was R$30,828. 35 2, 38, 46 and $42,854-$58,846 for posterolateral lumbar fusion for degenerative conditions of the lumbar spine. 1, 2 With respect to nonspine studies, the cost per QALY gained that was observed in the present study can be compared with hip arthroplasty, for which the cost per QALY gained ranges between $29,139 and $80,000. 11 For total knee replacement, the cost per QALY gained has been reported as $59,262. 16 Infliximab, a cost-effective medication for rheumatoid arthritis, was found to have a cost per QALY gained of $30,500 in a prospective randomized trial of 428 patients. 53 However, these data reflect costs in the North American health care system. The extent to which these data may be applied in other countries will depend on the actual costs of similar services within those specific countries.
This study evaluated costs of lumbar discectomy in the Brazilian supplementary health care system. Thus, this cost-utility ratio does not reflect the reality of the Brazilian publicly funded unified health care system, known in Brazil as the Sistema Único de Saúde (SUS). In fact, the majority of the Brazilian population is covered only by SUS. 20 In SUS, the total reimbursement for direct hospital treatment of lumbar discectomy is R$1720.27. Considering only direct costs of lumbar discectomy for refractory lumbar disc herniation and using utility data from the reported database, the cost per QALY gained is R$9722.99 in the public health care system and R$19,367.87 in the supplementary Brazilian health care system. This low cost-utility ratio reflects the low reimbursement of SUS for LDH surgery in Brazil. Also, it must be noted that the utility gain for patients from public and private health care systems would not be similar. 5 To date, there have been no published data on utility gain after LDH surgery in the Brazilian public health care system. Future studies are needed to address this issue and provide data on economic evaluation of LDH treatment in the Brazilian public health care system.
One limitation of our study was the relatively small sample size and consequently the low number of revision cases. In this cohort, 4 patients presented with recurrent disc herniation and only 1 underwent revision surgery. No patient with an incidental durotomy presented with postoperative cerebrospinal fluid leakage and needed revision. The total cost for the patient who needed revision surgery for recurrent disc herniation was R$8468. Further Brazilian studies with larger samples should address the question of the economic impact of revision in lumbar discectomy. Also, as this was a single-center analysis, these results should be assessed for external validation in other Brazilian regions.
conclusions
This study represents the first economic evaluation of spine care in Latin America. From a perspective of the Brazilian supplementary health care system, open discectomy for patients with LDH is a valuable treatment option with an appropriate cost-utility ratio and good clinical outcomes. Our findings provide a value measure of lumbar discectomy that can be compared with future cost-per-QALY-gained analyses. This study should encourage additional cost-utility studies in Latin America.
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